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Method and device for irradiating spots on a layer 
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The invention relates to a method of irradiating a layer according to the 
antroductory portion of claim 1 and to a device for irradiating a layer according to the 
introductory portion of claim 7. 

Such a method and such a device are known from WO-A-02/13194 
> According to this publication, the described method and device are used for the 

manufacturing of an optically scannable information carrier. In such a process, first a master 
mold is manufactured, and then, by means of the master mold or by means of a daughter 
mold manufactured by means of the master mold, the information carrier is manufactured by 
means ofareplica processor manufacturing the master mold, a modulated radiation beam 
winch is directed and focussed to a scanning spot on a photosensitive layer carried by a 
substrate by means of an optica, lens system and the substrate and the lens system are moved 
relatively to each other. An interspace between the photosensitive layer and a nearest surface 
of a lens system facing the photosensitive layer is maintained filled up with a liquid 

For moving the substrate relative to the lens system a table carrying the 
substrate can be rotated about an axis of rotation. By means of a displacement device the 
lens system can be displaced with a radial directional component with respect to the axis of 
rotation of the table. A liquid supply means supplies the liquid into the interspace between 
the photosensitive layer and a nearest optical surface of the lens system. 

A problem of this known method and device is that the immersion of the 
successive portions of the layer to be irradiated is q uite easily disrupted, for instance because 
* 6 hqU,d ,S emn,ined 3Way * e area of the interspace through which the radiation 
directed to the radiation spot passes when the layer and the lens move too quickly relative to 
each other. The immersion can also be disrupted due to important changes in the direction of 
movement of the lens and the layer relative to each other. The stability of the liquid film 
between the layer to be irradiated and the nearest optical surface of the optical element can be 
unproved by making the distance between the layer to be irradiated and the nearest optica, 
surface of the optical element very small. However, this entails that the device and in 
particular the lens nearest to the layer to be irradiated can easily be damaged in the event of 
contact between the lens and the layer moving relative to each other. 
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Another method and device for directing a radiation beam to a spot on a 
photosensitive layer are disclosed in JP-A-10255319. In accordance with this method, a 
photosensitive layer is applied to a disc-shaped substrate made from glass. The table and the 
substrate are rotated about an axis of rotation extending perpendicularly to the substrate, and 
the lens system is displaced, at a comparatively low rate, in a radial direction with respect to 
the axis of rotation, so that the scanning spot of the radiation beam formed on the 
photosensitive layer follows a spiral-shaped track on the photosensitive layer. The radiation 
beam - in this known device a laser beam - is modulated such that a series of irradiated and 
non-irradiated elements is formed on the spiral-shaped track, which series correspond to a 
desired series of information elements on the information carrier to be manufactured. The 
photosensitive layer is subsequently developed, so that the irradiated elements are dissolved 
and a series of depressions are formed in the photosensitive layer. Next, a comparatively thin 
aluminum layer is sputtered onto the photosensitive layer, which aluminum layer is 
subsequently provided with a comparatively thick nickel layer by means of an electro 
deposition process. The nickel layer thus formed is subsequently removed from the substrate 
and forms the master mold to be manufactured, which is provided, in the manner described 
above, with a disc-shaped surface having a series of raised portions corresponding to the 
desired series of information elements on the information carrier to be manufactured. The 
master mold thus manufactured can suitably be used in the manufacture of the desired 
information carriers, however, in general, a number of copies, so-called daughter molds are 
made by means of the master mold in a replica process. These daughter moulds are used to 
manufacture the desired information carriers by means of a further replica process, generally 
an injection molding process. In this manner, the required number of master molds, which are 
comparatively expensive, is limited. Such a method of manufacturing an optically scannable 
information carrier, such as a CD or DVD, having pit-shaped information elements by means 
of a master mold or by means of a daughter mold manufactured by means of the master mold 
is commonly known and customary. 

The interspace between the photosensitive layer and the lens of the lens 
system facing the photosensitive layer is filled with water. For this purpose, the known 
device is provided with an outflow opening, which is situated near the axis of rotation of the 
table. The water supplied via the outflow opening is spread, under the influence of centrifugal 
forces, substantially throughout the surface of the photosensitive layer, so that also the 
interspace is filled with water. Since water has a considerably larger optical refractive index 
than air, the provision of water in the interspace leads to a substantial increase of an angle 
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which the rays originating from the radiation beam and the optical axis of the lens system 
include at the location of the scanning spot. As a result, the size of the spot formed by the 
radiation beam on the photosensitive layer is reduced considerably, so that a much larger 
number of irradiated and non-irradiated elements can be formed on the photosensitive layer, 
and the information carrier to be manufactured has a higher information density. 

Another example of an application in which the gap between a lens and a 
surface to be irradiated is maintained filled with a liquid are optical imaging methods and 
apparatus, such as optical projection lithograpy, in which the spot formed by the radiation 
projected onto the surface fonns an image or a partial image. Such a method and apparatus 
are described in international patent application WO99/49504. 

A drawback of these methods and devices is that the liquid film formed in the 
interspace is not always reliably maintained fully and in homogenous condition during and 
after relative displacement of the lens and the surface parallel to the surface. As a result, 
faults develop in the photosensitive layer. In addition, variations in the condition of the liquid 
film caused by relative movements of the lens and the surface result in varying forces being 
exerted on the lens system. Since the lens system is suspended with a limited rigidity, the 
varying forces exerted by the liquid film cause undesirable vibrations of the lens system, 
which further disturb the precision with which the image is projected onto the surface. 
Furthermore, a comparatively large quantity of liquid must be supplied to keep a liquid 
volume in place in the portion of the interspace through which the radiation passes. As a 
result, the known device must be provided with extensive measures to prevent undesirable 
contact between the liquid and other parts of the device. 

It is an object of this invention to reliably maintain the portion of the 
interspace between the optical surface nearest to the layer to be irradiated and that layer 
through which the radiation passes filled with liquid throughout a larger range of relative 
velocities and directions of relative displacement of the optical element and the layer. 

It is another object of the invention to reduce the risk of damage due to 
unintentional contact between the optical element and the layer to be irradiated. 

According to the invention, these objects are achieved by providing a method 
according to claim 1. Also according to the invention, a device according to claim 7 is 
provided for carrying out a method according to claim 1 . 
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The canal distributing supplied liquid longitudinally along the canal and 
dispensing distributed liquid towards the layer feeds the liquid as a layer. Accordingly, the 
portion of the interspace fulfilling an optical function can be maintained filled with liquid 
with less sensitivity to variations in direction and velocity of the movement of the lens or 
lenses and the layer relative to each other. 

That the method and the device are less sensitive to the velocity and direction 
of displacement of the optical element and the layer relative to each other and variations 
therein, is not only advantageous in the manufacturing of optical information carriers or 
molds therefor in which there are at most quite small variations in the direction of movement 
of the layer relative to the optical element, but also in other applications, such as optical 
imaging, and more in particular in for instance wafer steppers and wafer scanners for optical 
projection lithography for example for the production of semiconductor devices in which the 
direction of movement of the optical element relative to the layer is varied substantially when 
the wafer is stepped relative to the optical element to bring the optical element into a new 
position opposite the wafer for projecting the reticle onto a new spot on the wafer or for 
unrolling (scanning) the projected image of the reticle (mask) over a next area on the wafer. 
The spot is then formed either by the area of projection of the reticle onto the wafer or by the 
moving area of projection of a running, usually slit shaped, window portion of the reticle 
obtained by or as if scanning along the reticle in accordance with movement of the wafer 
relative to the optical element. 

Particular embodiments of the invention are set forth in the dependent claims. 
Other objects, features and effects as well as details of this invention appear 
from the detailed description of a preferred form of the invention. 



Fig. 1 is a schematic side view of an example of a device for directing 
radiation to a spot on a layer; 

Fig. 2 is a schematic, cross-sectional view of a distal end portion of a first 

example of an optical system for a device as shown in Fig. 1, of a layer to which the radiation 

is directed and of a liquid flow maintained in operation; 

Fig. 3 is a schematic, bottom view along the line Hi-Ill in Fig. 2 

Fig. 4 is a schematic, cross-sectional view of a distal end portion of a third 

example of an optical system for a device as shown in Fig. 1, of a layer to which the radiation 

is directed and of a liquid flow maintained in operation; 
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Fig. 5 is a schematic, bottom view along the line V-V in Fig. 4; and 
Fig. 6 is a schematic top plan view representation of a wafer stepper/scanner 
for optical lithography. 



In the manufacture of an optically scannable information carrier, such as a CD 
or a DVD, a disc-shaped substrate 3 of glass (see Fig. 1) carrying a thin photosensitive layer 
5 on one of its two sides is irradiated by means of a modulated radiation beam 7, for instance 
a DUV laser beam with a wavelength of approximately 260 nm. To irradiate the 
photosensitive layer 5, use is made of an example 25 of a device in accordance with the 
invention, which device is described hereinafter with reference to Figs. 1-3. The radiation 
beam 7 is focused to a scanning spot 1 1 on the photosensitive layer 5 by an optical system, 
according to the present example in the form of a lens system 9, including a plurality of 
optical elements in the form of lenses. The lens system 9 includes an objective lens 55, which 
is secured in a lens holder 57. The lens system 9 further includes a most distal lens 59, which 
is the one of the optical elements of the lens system 9 that is located nearest to the layer 5 
when in operation. An interspace 53 is maintained between the layer 5 that is in-adiated and 
the one of the optical elements of the lens system 9 that is located nearest to the layer 5. The 
optica] elements may also include other items than lenses, such as filters, shields, diffraction 
gratings or mirrors. 

The layer 5 and the lens system 9 are displaced with respect to each other, so 
that the modulated radiation beam 7 on the photosensitive layer 5 successively irradiates a 
series of spaced apart irradiated portions of the layer 5 and does not irradiate portions of the 
layer 5 in-between the irradiated portions. The irradiated photosensitive layer 5 is 
subsequently developed by means of a developing liquid, which dissolves the irradiated 
elements 13 and leaves the non-iiradiated elements 15 on the substrate 3. It is also possible to 
provide that the irradiated portions are left while the non-irradiated portions are dissolved. In 
both cases, a series of pits or bumps, which corresponds to the desired series of pit-shaped 
information elements on the information carrier, are formed in the photosensitive layer 5. The 
photosensitive layer 5 is subsequently covered with a comparatively thin layer of for instance 
nickel by means of a sputtering process. Subsequently, this thin layer is covered with a 
comparatively thick nickel layer in an electro deposition process. In the nickel layer, which is 
eventually removed from the substrate 3, the pattern of pits formed in the photosensitive 
layer 5 leaves a corresponding pattern that is a negative of the pattern to be formed in the 
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information carrier to be manufactured, i.e. the master mold comprises a series of raised 
portions, which correspond to the series of pit-shaped elements formed in the photosensitive 
layer 5 and to the desired series of pit-shaped information elements on the information 
carrier. The master mold is thus rendered suitable for use as a mold in an injection-molding 
i machine for injection molding the desired information carriers. Generally, however, a copy 
of the master mold is used as the mold for injection molding instead of the master mold, 
which copy of the master mold is commonly referred to as daughter mold, which is 
manufactured by means of the master mold using a customary replica process which is 
known per se. 

The substrate 3 with the photosensitive layer 5 is placed on a table 27 that is 
rotatable about an axis of rotation 29, which extends perpendicularly to the table 27 and the 
substrate 3. The table can be driven by means of a first electromotor 3 1 . The device 25 
further comprises a radiation source 33, which, in the example shown, is a laser source, 
which is secured in a fixed position to a frame 35 of the device 25. It is observed that, as an 
alternative, the radiation may also be obtained from outside the device. Control over the 
radiation directed to the layer 5 can be achieved in many ways, for instance by controlling the 
radiation source 33 and/or by controlling a shutter or radiation diverter (not shown) between 
the radiation source 33 and the layer 5. 

The optical lens system 9 is secured onto a first traveller 37, which can be 
displaced radially (parallel to the X-direction in the drawings) relative to the axis of rotation 
29, by means of a first displacement structure 39. For this purpose, the first displacement 
structure 39 includes a second electromotor 41 by means of which the first traveller 37 can be 
displaced over a straight guide 43, which extends parallel to the X-direction and is fixed 
relative to the frame 35. 

A mirror 45 in line with an optical axis 49 of the lens system 9 is also secured 
to the first traveller 37. In operation, the radiation beam 7 generated by the radiation source 
33 follows a radiation beam path 47 extending parallel to the X-direction, and the radiation 
beam 7 is deflected by the mirror 45 in a direction parallel to the optical axis 49 of the lens 
system 9. The lens system 9 can be displaced in the direction of its optical axis 49 by means 
of a focus actuator 51, over comparatively small distances with respect to the first traveller 3, 
so that the radiation beam 7 can be focused on the photosensitive layer 5. The table 27 with 
the substrate 5 is rotated about the axis of rotation 29 at a comparatively high speed by means 
of the first motor 31, and the lens system 9 is displaced parallel to the X-direction by means 
of the second motor 41 at a comparatively low speed, so that the scanning spot 1 1 where the 
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radiation beam 7 hits the layer follows a spiral-shaped track ^ «. . 

™ SSP °' ' ofhemedinmp^ 

between the lens system 9 and the photosensitive layer 5 is larger Limiid „ ,, u 

between the lens system 9 and the photosensitive layer 5 thro UE h which * u , 

water ,s also pamWly suitable beeanse i, is parent to the DUV £ZT ^ 
-**-.« ,^.4 """^UVr.d.ahonheamTnsed 

inclad r ^ Sh0 "" F ' S - '■ * C ^ 25 to "* P™« «-n,ple tnrther 

tnclndea a „ qu ,d renrova, s ,m cnire 77 , which „ provided » 

connected ,o7 i ^ " *"*" ° ° "* — — 85 

_ „ ,he seeond haveHer S, for displacing the seeond havener over a stmight gnido 
87, which is attached to the fram* ^ * a * i . "««smguiae 
second traveller ., —* " ° f "Macetnen, of the 

85 The ,h d fa T' i0 "' P '' C ' < "' ,P m0l " h ' 9 * 1 * — °f °>« *W motor 

S^ The th.rd motor 85 ,s control so ^ lhe tas , ^ « 

CTi pick " up mo, " h 79 is maiMai - ed • — 

zii:tj:z: ° t sys,em 9 is ~ ° y ,he « 5 - - 

where the ,„„,d ,s snh^uantly pieked-up h™ fl, e photosensitive layer 5 by the 
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from ft. !ens system 9, i, is subslaMiaIly precluded ^ ^ ^ 

Tel way 11,6 tattrapace * ^ *• — *- 0°» » 

*. 53 b „ pewio „, „. pick . up mouth , 9 js ^ ^ a dis(ance 

5 of ro ahon 2 whtch „ ^ distmce R „ ^ ^ 

Ate axta of rotatton 29, « the size and the , he ^ ^ „ 

comparabvely small lo remove liquid that has already been used. 

r,^ v r^ 2md3ShOW,in, " C,redeteil - ,he,e ° ss ^».tI>esubsha,e3™ 1 h th e 

r d r r neares ' ,o ,he ,ayer 5 has - -*- 63 »*• - — 3 

en neaaes, to «he soosrrate 3. The lenses 55, 59 are suspend* „ . h„ usin g 61 , whkh 
mcludea a flat wall «. whieh faces the layer 5 and which subatenbefly extends „ . 
unapnaav plane pedicular to the opbca, axis of flte .ens 59 nearest to the layer 5. to flte 
*- — 'o -he layer 5. a ^ 92 facing the spot 1 1 to whieh the 

. 5 radrabon 1 ,s dtreetefl ia p ro vided. The aurf.ee 63 of flte ,ena 59 neares, ,„ the ,ayer 5 forms 

» uCr T;; f "* ~* 92 - This sur&ce 63 a,s ° bo,mds *• ~*» <* - 

» W whtch flte radiahon 7 mediates flte spot , ,. A^ing „ the ^ 

snrfaoe 3 of th. ,ena 59 nearea, to flte Uyer 5 is eoneave so flta, the deepest point of flL 
reeess 92 ,a m the middle, however, this surfaee may also be flat or eonvex. 

» In ope^don.fte potion of the inte^paee 53 through whieh the mdiMion 7 

the spot „ on fl,e lay er 5 „ maintajned ^ ^ ^ „. fc fc 

bqmd 9, ,s, at .eaa, ,„ some exten, promoted against being entrainee from me imerspace 53 
Smce, me hqmd 9. is less suecepbble to being entrained away from the portion of the 
mter^ace 53 through whieh the radiation passes to tne spot , _ ^ 
opttea, dtsuamon caused by meporbon of me interspace 53 thmugh which me radiabon 
passes not being completely filled with liquid is thus counteracted. 

Moreover, this allowable smallest size of the interspace 53 measured paraflel 
to flte opbca, axis of me ,e„sea 55, 59 ,„ be rela«v. )y Urge. In tum, this reduces me ri sk of 
damage to the fens 59 nearest to the ,ayer 5 and the .Uowabl. tolerances on the ,i,« of the lens 
can be larger wtthout increaaing the risk of me lens 59 touching the layer 5. 

The recess 92 may for instance be positioned and of such dimensions, so , hat 
only . ponton of the radiabon paaaes through rae recess. However, for a particnUrly effective 
proteetton of Bqnid 9. ectoas the whole radiation been,, * is prefer me, me recess 92 hea a 
run portion 93 Coses, ,„ me leyer 5, which ex,ends around me radiebon 7 madiabng lhe spol 
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11. Accordingly, the portion of the interspace 53 in the recess 92 in which liquid 91 is 
shielded fiom being entrained extends throughout the whole cross-section of the radiation 
beam. 

The optimum working distance between the layer 5 and the wall 65, i.e. the 
portion of the lens assembly nearest to the layer 5, is determined by two factors. Chi the one 
hand, the distance should be large enough to retain sufficient tolerance on the distance 
between the substrate 3 and arrangement of the lenses 55, 59 and the housing 61. On the 
other hand, this distance should not be too large because this would require a too large liquid 
flow to maintain the immersed condition of the portion of the interspace 53 through which 
the radiation passes to the spot 1 1 . A presently preferred range for the smallest thickness of 
the interspace 53 is 3-1500 um and more preferably 3-500 urn if the liquid is water larger 
values for the smallest thickness of the interspace can be particularly advantageous if the 
liquid has a larger viscosity than water. Also the overall width of the outflow opening affects 
the upper end of the preferred range for the smallest thickness of the interspace, the smallest 
thickness of the interspace being preferably smaller than (100 + 1/20 * W)um in which W is 
the overall width of the outflow opening measured in a plane parallel to the layer 5. 

The smallest thickness of the interspace may be larger than approximately 10 
um, for instance larger than 15 um, 30 um or even 100 um, to increase the insensitivity to 
tolerances. 

To avoid inclusion of air bubbles in the liquid and for reliably maintaining the 
filled condition of the portion of the interspace 53 through which the radiation 7 passes to the 
spot 11, liquid outflow is preferably such that a liquid volume between the wall 65 and the 
layer 5 is maintained which includes a portion of the interspace 53 upstream (in a direction 
opposite to the direction of relative movement of the layer 5 in the area of the spot 1 1) of the 
portion of the interspace 53 through which the radiation irradiates the spot 1 1. Thus, a safety 
margin of liquid upstream is formed which ensures that variations in the distance over which 
liquid is urged in upstream direction do not cause a disruption of the filled condition of the 
portion of the interspace 53 through which the radiation 7 passes to the spot 11. 

The most downstream outflow opening 90 in the lens system 9 through which 
the liquid 91 is passed has a total projected cross-sectional passage area in a plane parallel to 
the layer 5 of which, seen in a direction parallel to the optical axis of the lens system 109, the 
centre is located inside the portion of the interspace 53 through which the radiation 7 
irradiates the spot 11. Accordingly, the average path along which liquid flows out is at least 
to a large extent centred relative to the portion of the interspace 53 through which radiation 
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passes to th. *o, , ,. Amami fc direcaoi) of of 
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The mora the diraetion of movement of the layer 5 and the lens system 9 
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^^nofmaporUonmofmcarea^Sthronghwmchmenmirtonpaa^ themora 
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dt^er m w,de,y varying directions, such as in imaging processes ,„ which , h e 
two-d,me„s,o„al .mage projected to the layer 5. In such applications, the advantage of a 
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An example of such applications is optical projection lithography for „ e 
„g offers for me mannrachtra of semiconductor devices. An appll and a 
method for thts purpose are schematically illustrated in Fig. 6. Wafer steppers and wafer 
scanuera are commercially avai,ahle. According, such methods and apparatus are no, 

nrZs d T" ^ * ProV,de *" as 

proposed ,„ the present application in ft, of ^ ^ ^ 

The pmjecuon lithography apparatus according to Fig. 6 includes, wafer 
upport 12 and a projector 1 3 having . , ens ! ^ nMy u above ^ ^ 

6, me wafer support 12 canjes a wafer 15 of which a plurality of areas lo are intended to he 
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irradiated by a beam projecting an image or partial image of a ma c 

18 operatives con„ ected to fte - ^ / ^ ° f 3 ma£ * or 17 in a scanner 

direction along spindles 19 2n7 T ^ ^ " m ° Veable ta X - Y 

-anner^ 

onto one of the areas I*™*. , Projects a complete image of the reticle 

oi toe areas 1 6 on the wafer 1 5. When the required exposure u u 
the light beam is switched off or obscured and the wafer 1 5 ^ 
21, 22 until a next area ,6 of the wafer is in the * * ^ ^ ^ 

-po.ed, fti s may involve reMve|y J J Z!luT T 

surface of ft. wafer io which ^ ta „ e „ f . . . . ** 1" - *e 

mm, bu, laJg . r md ^ SDOtt * re " C " ! PK,JKted is *« 20 x 20 

s 1 ^ ™aiJer spots are conceivable 

mode. In that mode onlv a .K* «* a S me wafer scanne r 

control unit ?1 »m. , • assembly 14 under control of the 

' succes!,ve •w»» .. „. spoI progresses over " af " - 

wafer ,5 re,a ti v. to ft. !„ „ mbIy M whj , e , f "f' 71,6 ° S *• 

project „„,„ ft. wafer , 5 „ ' T** T"" 8 "-*"" <*•» is 

wafer ,5 after fte d , * 

after ft. of ft. wafer ,5 rcIal ,V, ,o ft. lens H (,, a,so ft. tas or ft. 
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lens and the wafer may be moved), it is advantageous if the liquid volume in the interspace 
between the lens 14 and the surface of the wafer 15 through which the radiation passes is 
immediately filled with liquid after completion of that movement, so that the space is reliably 
immersed before radiation is recommenced. 

Also for optical lithography, water can be used, for instance if the radiation is 
light of a wavelength of 193 nm. However in some circumstances other liquids may be more 
suitable. 

Returning to Figs. 2 and 3, since the recess 92 is bound by a concave portion 
of the surface 63 of the lens 59 nearest to the spot 1 1 on the layer 5 to which the beam of 
radiation7 is directed, the advantages of having a recess 92 are combined with a relatively 
uniform flow pattern throughout the portion 94 of the interspace 53 through which radiation 7 
passes to the spot 1 1. In particular, a uniform pattern of flow velocity gradients in the 
interspace 53 is obtained. In turn, the relatively uniform flow pattern is advantageous to avoid 
inducing vibrations and for obtaining a continuous uniform supply of fresh liquid and thereby 
a uniform, steady liquid temperature. These effects are both advantageous for avoiding 
optical disturbance of the radiation beam 7. 

In Fig. 3, the dotted circle designated by reference numeral 94 indicates the 
perimeter of the portion of the interspace 53 between the lens 59 and the layer 5 through 
which the radiation beam 7 passes. 

For supplying liquid 91 to the interspace 53 between the lens 59 and the layer 
5, a liquid supply conduit 67 extends through the housing 61 and leads to an outflow opening 
90. According to the present example, the outflow opening 90 has the form of a canal 
structure in a surface 54, which canal structure 90 is open towards the layer 5, for distributing 
supplied liquid 91 longitudinally along the canal 90 and dispensing distributed liquid towards 
the layer 5. In operation, the liquid 91 is distributed by the canal structure 90 longitudinally 
along that canal structure and the liquid 91 is dispensed from the canal structure 90 towards 
the layer 5. This results in a relatively wide liquid trace 95 and full immersion of the portion 
94 of the interspace 53 through which the radiation beam 7 passes, even if the direction of 
movement of the lens system 9 and the layer 5 relative to each other parallel to the plane of 
the layer 5 is changed substantially. 

The canal 90 can have various forms. In the embodiment shown in Figs. 2 and 
3, the canal is formed such that the outflow opening 90 is located outside the radiation beam7 
and extends around the portion 94 of the interspace 53 through which the radiation 7 
irradiates the spot 1 1 . The cross 96 indicates the centre, seen in a direction parallel to the 
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optical axis of the lens system 9, of the total cross-sectional passage area of the outflow 
opening 90. 

The liquid 91 is preferably supplied at a pressure drop over the liquid between 
the canal structure 90 and the environment that is just sufficient to keep portion of the 
5 mterspace 53 through which the radiation passes reliably immersed. Thus, the amount of 
water fed to me surface is kept to a minimum. 

Furthermore, when the liquid 91 is dispensed via a canal shaped outflow 
openmg 90, the smallest thickness of the interspace 153 (in this example the distance 
between the layer 5 and the surface 54 of the wal, portion 65) may be larger, without causing 
10 an undue risk of disrupting the immersion of the portion 94 of the interspace through which 
the rad ia t,on passes. Therefore, when the liquid is dispensed from a canal-shaped outflow 
opemng 90, the displacement structure 27, 31 and the lens system 9 are preferably positioned 
and dimensioned for maintaining the smallest thickness of the interspace 53 in a range 
between 3 and 500 um. 

The flow rate with which the liquid 91 is supplied is preferably such that it can 
be reliably ensured that a laminar flow with an essentially linear velocity profile and 
preferably a homogeneous Couette flow is present in the interspace 53. Such a flow exerts a 
substantially constant force on the wall 65 in which the canal 90 is provided and on the side 
63 of the lens 59 nearest to the layer 5. As a result, the liquid present in the interspace 53 
exerts substantially no variable liquid forces on the lens system 9. Such varying liquid forces 
would lead to undesirable vibrations of the lens system 9 and hence to focusing errors and 
posmoning errors of the radiation beam 7 on the photosensitive layer 5. The flow is 
preferably free of air inclusions, so that the radiation beam 7 is not disturbed. 

In Figs. 4 and 5 a second example of a lens system 109 for devices such as the 
devices shown in Figs. 1 and 6 is shown. According to this example, the outflow opening 190 
downstream of the liquid supply canal 1 67 is also provided with a canal structure open 
towards the layer 5 (i.e. in the direction in which the beam 107 is directed), but has a 
different, rectangular shape when seen in axial direction of the lens system 109. An 
essentially rectangular shape is particularly advantageous for reliably immersing a 
rectangular area 194 of the interspace intersected by the radiation beam while maintaining a 
uniform hquid flow patter throughout the intersected portion 194 of the interspace 153 in 
pabular if the movement of the lens system 109 and the layer 5 relative to each other is 
direction perpendicular to one of the sides of the rectangular canal structure 190. Such 
circumstances typically occur in optical projection lithography. 
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The recess 192 is bounded by a passage 195 in a wall 165 perpendicular to the 
axis of the lens system 9 and a surface of the lens 159 nearest to the spot 1 1 and the surface 
of the lens 159 nearest to the spot 1 1 also bounds the portion 194 of the interspace 153 
through which the radiation 107 passes to the spot 1 1. Accordingly, the lens 159 is 
effectively protected against damage due to inadvertent contact between the lens system 109 
and the layer 5 on the substrate 3. 
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1 • A method of irradiating a layer including: 

directing and focussing a radiation beam to a spot on said layer by means of at 
least one optical element; 

causing relative movement of the layer relative to said at least one optical 
element so that, successively, different portions of the layer are irradiated and an interspace 
between a surface of said at least one optical element nearest to said layer is maintained; and 

maintaining at least a portion of said interspace through which said radiation 
irradiates said spot on said layer filled with a liquid, the liquid being supplied via a supply 
conduit and flowing out of an outflow opening; 

characterized in that at least one outflow opening via which the liquid flows 
out is provided in the form of at least one canal open towards said layer, said canal 
distributing supplied liquid longitudinally along said canal and dispensing distributed liquid 
towards said layer. 

2 - A method according to claim 1 , wherein the canal or canals are positioned 
such that, seen in a direction perpendicular to said layer, the canals define a total cross- 
sectional area having a centre in said portion of said interspace through which the radiation 
irradiates the spot. 

3 - A method according to claim 1 or 2, wherein a smallest thickness of said 
interspace is maintained at 3-1500 fxm. 

4 - A method according to any one of the preceding claims, wherein at least a 
portion of said liquid fills up a recess through which said radiation irradiates said spot. 

5 - A method according to claim 4, wherein the recess has a rim portion closest to 
said layer extending around said radiation irradiating said spot. 
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6. A method according to claim 4 or 5, wherein said recess includes a concave 

portion of said surface of said at least one optical element nearest to said layer. 

7- A device for directing radiation to a layer including: 

5 at least one optical element for focussing a beam of radiation originating from 

said radiation source to a spot on said layer; 

a displacement structure for causing relative movement of the layer relative to 
said at least one optica, element so that, successively, different portions of the layer a re 
irradiated and an interspace between said layer and a surface of said at least one optical 
1 0 element nearest to said spot is maintained; and 

thrn „ „ " ° UtflOW ° Pening SUPPlying liqU,d t0 at ,CaSt 3 P0rti0n of ™« -terspace 
through which, in operation, said radiation irradiates said spot on said layer, said outflow 

opemnghaving a total projected —tional passage area in a plane perpendicular to an 
axis of said radiation beam; 

—I. , , T* tad " ,e, " ,e " —«>ow opening isfonaedbyat leaaone 
-ri open ^ sa]d layer , fer disrtb „, ing suppljed ^ sajd 

and dispensing distributed liquid towards said layer. 
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to onmow openu,^ a„ positioned Mc „ ^ ^ .„ , ^ ^ ^ 

r^anon ne»n. said ,„,al cross . SKBonal M ta . ceMre „ ^ of sai(j 

which the radiation irradiates the spot. 



2 , * A d6ViCe aCC ° rdin8 10 C,aim 7 or 8 » herein said displacement structure and 

sa,d recess are positioned and dimensioned for maintaining a smallest thickness of said 
interspace at 3-1500 nm. 
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10. A device according to any one of the claims 7-9, wherein a recess is provided 

ma surface facing said spot, an interna, surface of said recess bounding at least said portion 
of sa,d interspace through which said radiation irradiates said spot. 

»• A device according to claim 10, wherein said recess has a rim portion closest 

to said layer extending around said portion of said interspace through which, in operation 
said radiation irradiates said spot. 
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12. A device according to claims 1 0 or 1 1 , wherein said recess includes a concave 

portion of said surface of said at least one optical element nearest to said spot. 
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